Hydrogen and carbon isotope ratios of cellulose nitrate and oxygen isotope ratios of cellulose from C3, C4, and Crassulacean acid metabolism (CAM) 
that hydrogen isotope ratios cannot be used to disish between these two photosynthetic modes. Portulaca muadala, which may have a modified photosynthetic mode between C4 and CAM, had a hydrogen isotope ratio between those of the C4 and CAM plants. When given photosynthetic group are caused at least in part by gas exchange efficiency and factors associated with the leaf surface (10) .
It has been demonstrated that hydrogen isotope ratios can be used to distinguish CAM plants from C3 and C4 plants (20, 21, 25 74, 1984 isotope ratios of C4 plants were slightly higher than that of C3 plants (20, 21) . However, in these reports only two C4 species were represented in each of the two sample sets, and thus, no firm conclusions could be drawn. In this study we report results of isotopic analysis of cellulose nitrate and cellulose from a sample set of 35 species composed of 13 C4, 12 C3, and 10 CAM species, all growing in close proximity in a well defined small drainage system.
MATERIALS AND METHODS
Plants were collected near the Highway 90 bridge over the Pecos River in Val Verde County, Texas. The plants sampled were growing close to one another to maximize the probability that they had access to meteoric water with the same isotopic signature. Stem and leaf material were collected from three separate individual plants or plant populations (in the case of small plants) for each of the species selected. The triplicate samples provided opportunity for replicating isotope measurement of individual species. After the plants were identified, they were dried at 50C for several days.
Dried plant material was ground to fine powder in a Wiley mill. Cellulose was extracted by the method ofWise (24). Oxygen isotope ratios of cellulose were determined by the method of Rittenberg and Ponticorvo (17) as modified by Burk (4). Carbon and hydrogen isotope ratios of cellulose nitrate prepared as described elsewhere (6) were determined by a modified version of the Stump and Frazer method (16, 22 (Table I) . Thus, all CAM plants sampled in this study were operating in the CAM mode. The relative distribution of hydrogen isotope ratios among the plants representing the different photosynthetic types is also similar to previous reports (20, 21) . Values of AD ranged from -71 to -99oo for C3 plants, -53 to -20%o for C4 plants, and +34 to +66%o for CAM (Table I) . AD values for CAMs (51 ± 109%oo, n = 12) are discrete from those of C3 and C4 plants, while those for C3 (-42 + 16%o, n = 16) and C4 (-33 ± 12%o, n = 16) plants show considerable overlap (Table II and Fig. I) ; Thus, it is unlikely that hydrogen isotope ratios will be useful to distinguish between these two photosynthetic pathways. The oxygen isotope ratios ofthe plants sampled showed more distinct patterns with less variability than previously reported for plants representing the different photosynthetic pathways (20, 21 (Fig. 1) is similar to but more pronounced than that reported previously (20, 21) , with CAM plants in the upper right quadrant, C4 in the lower right quadrant, and C3 plants in the 559 lower left quadrant. The C4 group has one outlying point with an exceptionally high AD value of -I Too (Fig. 2) . This value was obtained for cellulose nitrate of Portulaca mundula (Table I) Oxygen isotope ratios ofcellulose relative to the S'3C values of cellulose nitrate (Fig. 2) do not separate the photosynthetic types into separate clusters as completely as did the hydrogen and carbon isotope ratios (Fig. 1) . Thus, oxygen isotope analysis cannot be used to distinguish CAM plants from C4 plants. One exceptional point (lower right quadrant) in Figure 2 deserves further discussion. It represents Agave lechequila, a CAM species that had an unusually low 5180 value relative to the other CAM plants. We had observed previously that another Agave species, A. deserti, had low P'8O values relative to other CAM species growing in the same area (20) . Although these two Agave species are leaf succulents, their low 5180 values probably are not due solely to their physiognomy, as suggested earlier (20), since two other leaf succulent species analyzed in the present study, Yucca bacatta and Y. torreyi (Table I) Plant Physiol. Vol. 74, 1984 three clusters representing the C3, C4, and CAM photosynthetic types, as was observed in the AD versus 613C plot (Fig. 1) 
